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(54) METHOD AND DEVICE FOR SUPPORTING 
DESIGN OF COUNTERMEASURE AGAINST 
NOISE 

(57) Abstract: 

PURPOSE: To reduce time required for checking the 
plants of countermeasures by eliminating repeated work 
due to trial and error by displaying results of noise 
analysis in the form of matrix and selecting an optimum 
countermeasure out of them. 

CONSTITUTION: A noise countermeasure plan retrieval 
part 104 retrieves the countermeasure plants considered 
from wiring information from an initial wiring storage 
part 103 or from noise countermeasure know-how from a 
know-how storage part 106 corresponding to a signal 
communicated from a connection part 101. A noise 
analysis part 107 performs noise analysis due to wiring 
according to the countermeasure plan retrieved by the 
noise countermeasure plan retrieval part 104 and stores 
the result. A noise analysis result display part 108 
displays the results of analysis in the noise analysis 
result storage part 107 on a screen in the form of 
matrix. A noise countermeasure plan selection part 109 
selects the optimum countermeasure plan out of the 
countermeasure plans displayed on the screen and 
according to the countermeasure plan selected on the 



noise analysis result display part 108, a final wiring 
decision part 111 performs final wiring. 
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JAPANESE PATENT APPLICATION LAID-OPEN NO. 8-297689 

(54) [Title of the Invention] NOISE COUNTERMEASURE DESIGN 
ASSISTING METHOD AND APPARATUS THEREOF 
(57) [Summary] 

[Purpose] Execute a noise countermeasure after wiring on a 
substrate quickly so as to reduce time consumed in the 
countermeasure . 

[Construction] After initial phase substrate wiring design 
according to CAD data is completed, noise analysis is carried 
out based on that CAD data. Then, a signal, which is a problem, 
is determined from the analysis result and a noise trouble 
countermeasure plan for that signal is retrieved. Then, the 
noise analysis is carried out again following the wiring in that 
noise countermeasure plan. Re-wiring design, which 
substitutes for the aforementioned initial phase substrate 
wiring design, is executed from a result of this noise analysis 
and then, the result of the noise analysis and a result of the 
re-wiring design are displayed on a screen. 
[Scope of Claim for a Patent] 

[Claim 1] A noise countermeasure design assisting method 
comprising: carrying out noise analysis based on initial phase 
substrate wiring after said initial phase substrate wiring is 
designed; determining a signal which is a problem from the 
analysis result and retrieving a noise trouble countermeasure 
plan for said signal; carrying out noise analysis again about 
all wirings in said noise countermeasure plan; conducting 
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re-wiring design which substitutes for said initial phase 
substrate wiring design from a result of said noise analysis; 
and displaying said noise analysis and a result of the re-wiring 
design. 

[Claim 2] A noise countermeasure design assisting method as 
claimed in claim 1 wherein said display is carried out for each 
of the noise trouble countermeasure plans. 

[Claim 3] A noise countermeasure design assisting method as 
claimed in claim 1 wherein the noise analysis to be carried out 
after the initial phase substrate wiring design is conducted 
based on CAD data used for said initial phase substrate wiring 
design. 

[Claim 4] A noise countermeasure design assisting apparatus 
comprising: means for carrying out noise analysis based on 
initial phase substrate wiring after said initial phase 
substrate wiring is designed; means for determining a signal 
which is a problem from the analysis result and retrieving a 
noise trouble countermeasure plan for said signal; means for 
carrying out noise analysis again about all wirings in said noise 
countermeasure plan; means for conducting re-wiring design 
which substitutes for said initial phase substrate wiring 
design from a result of said noise analysis; and means for 
displaying said noise analysis and a result of the re-wiring 
design. 

[Claim 5] A noise countermeasure design assisting apparatus 
comprising: problematic signal determining means for 
determining a problematic signal from noise analysis result 
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after initial phase substrate wiring design; initial phase 
wiring storage means for storing data of initial phase wiring; 
know-how accumulating means for accumulating know-hows for 
advising noise trouble countermeasure plan; noise 
countermeasure retrieving means for retrieving a 
countermeasure for a problematic signal; noise analysis means 
for carrying out noise analysis following wirings in the noise 
countermeasure plan; wiring rule generating means for 
generating wiring rule used for wiring from noise 
countermeasure know-how and noise analysis result; noise 
analysis result displaying means for displaying a result of the 
analysis; noise countermeasure plan selecting means for 
selecting an optimum countermeasure plan out of the 
countermeasure plans displayed in the form of matrix; and final 
wiring determining means for determining wiring following a 
selected final countermeasure plan. 

[Claim 6] A noise countermeasure design assisting apparatus 
comprising, in place of the noise analysis result displaying 
means of claim 5, a means for determining final wiring plan by 
when a noise countermeasure plan is determined, displaying the 
countermeasure plan, selecting a countermeasure considered 
optimum from them, carrying out noise analysis following a 
selected countermeasure plan, displaying an analysis result 
thereof, determining whether or not the countermeasure should 
be adopted by seeing the result, following the countermeasure 
if it is adopted, and if it is not adopted, considering other 
countermeasure plan. 
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[Claim 7] A noise countermeasure design assisting apparatus 
wherein the noise countermeasure plan retrieving means of claim 
5 places wiring actually following the noise countermeasure 
know-how, considers the countermeasure plan, and determines a 
noise countermeasure plan by carrying out the wiring not with 
actual wiring length but with Manhattan length. 
[Claim 8] A noise countermeasure design assisting apparatus 
wherein the noise analysis result displaying means of claim 5 
carries out noise analysis for each noise countermeasure plan, 
displays its result (reflection, cross-talk, delay) on a CAD 
screen in the form of matrix, displays a noise specified value 
at the same time and indicates an error for a noise exceeding 
the specified value. 

[Claim 9] A noise countermeasure design assisting apparatus 
wherein the noise analysis result displaying means of claim 5 
comprises means for selecting a countermeasure plan from a 
result of analysis of signals displayed in the form of matrix, 
displaying a pattern diagram showing wiring condition and 
wiring route of that signal and waveform of the analysis result 
at the same time and evaluating a correlation between the content 
of a countermeasure and noise analysis result visually. 
[Claim 10] A noise countermeasure design assisting apparatus 
wherein the know-how accumulating means of claim 5 
automatically accumulates a countermeasure plan in which noise 
falls within a specified value by determining from an analysis 
result of the noise countermeasure in a know-how accumulating 
portion, and increases the know-how about the noise 
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countermeasure while leaving history of the analysis result. 
[Claim 11] A noise countermeasure design assisting apparatus 
wherein the wiring rule generating means of claim 5 manages 
accumulated know-hows and countermeasure plans analyzed up to 
now and provides wiring restriction information (wiring rule) , 
the wiring rule providing recommended wiring for wiring of each 
device and further an allowable range of wiring which falls 
within noise specified value. 

[Claim 12] A noise countermeasure design assisting apparatus 
wherein the wiring rule generating means of claim 5 retrieves 
a wiring similar to wiring carried out at initial phase wiring 
stage from the know-how accumulating portion and the wiring rule 
accumulating portion and if there is a s imilar wiring , uses noise 
analysis result accumulated in the know-how accumulating 
portion and the wiring rule accumulating portion without 
carrying out actual noise analysis, so as to omit noise 
evaluation on the wiring at the initial phase wiring stage. 
[Detailed Description of the Invention] 
[0001] 

[Industrial Field of the Invention] The present invention 
relates to countermeasure for noise trouble after wiring on a 
printed wiring board is finished, and more particularly to a 
noise countermeasure design assistance method and apparatus 
preferable for advising a noise trouble countermeasure plan 
from the side of CAD used for printed wiring board design and 
noise analyzing simulator and determining an optimum plan from 
those . 
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[0002] 

[Prior Art] Upon manufacturing the printed wiring board, noise 
trouble counter-measure must be considered. Although the noise 
mentioned here includes reflection generated on a transmission 
line, cross-talk, ringing and the like, here, a typical 
reflection, that is, cross-talk will be explained. The 
"reflection" is a noise, which is generated when time taken for 
electric signal to reciprocate through wire is longer than rise 
time and fall time. The "cross-talk" is a noise generated by 
being induced in a line running nearby by a signal propagated 
through a line. The cross-talk noise is increased in parallel 
to signal rise time, fall time and a distance in which lines 
runs in parallel to each other. 

[0003] In wiring laid out on a substrate, noise may be generated 
due to unmatching of characteristic impedance of wiring, which 
is caused depending on wiring length, wiring layer and wiring 
route or if an interval between adjacent wires is too short or 
if propagation time used for reciprocation through wiring is 
longer than rise time or fall time of waveform or other reason, 
thereby leading to an erroneous operation of a circuit . Because 
in recent years, the velocity of a device for use in a printed 
wiring board has been increased, the density thereof has been 
also increased and wiring density has been intensified, noise 
problem, which is generated by such trend, has been also 
increased. 

[0004 ] In a conventional noise analysis , after wiring is placed, 
noise analysis is carried out with a noise analyzing simulator 
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and its result is sent to a circuit designer, so that he considers 
a countermeasure plan for a signal which is regarded as a problem. 
Then, the wiring is changed or re-analyzed following that 
countermeasure plan* However, if the aforementioned method is 
applied, there is no communication between an operator who 
changes the wiring and the designer who considers the 
countermeasure plan. Thus, an optimum countermeasure may not 
be taken and trial/error is repeated by carrying out wiring 
changes many times. Consequently, a large amount of time is 
consumed for noise countermeasure. 

[0005] In such a condition, a noise countermeasure, which does 
not need to be considered repeatedly because it is an optimum 
countermeasure, has been demanded in trouble countermeasure 
work after noise analysis. In recent years, with prevailing 
of printed wiring board design and various kinds of simulators, 
the noise problem can be evaluated prior to production of the 
printed wiring board. However, because even if any noise 
problem is found, a countermeasure for it is carried out by human 
labor, wiring change and consideration of the countermeasure 
plan are carried out repeatedly through trial/error, so that 
a large amount of processes are needed to obtain an optimum 
wiring corresponding to recently increased velocity and density 
and reduced size of the printed wiring board. 
[0006] The simulator capable of evaluating the noise problem, 
mentioned here refers to a simulator capable of analyzing noise 
(reflection, cross-talk, ringing, •• ) , which is generated on a 
transmission line prevailing in the market. 
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[0007] Fig. 11 shows a procedure for wiring on a printed wiring 
board including the conventional noise analysis. According to 
this procedure, first, an operator carries out initial phase 
substrate wiring design following a wiring instruction from a 
designer. At this time, depending on the case, the wiring 
cannot be achieved as instructed because of pin density on the 
substrate, quantity of nets, arrangement of parts and the like. 
Further, if any instruction on wiring is not given, the wiring 
may be often placed with wiring ratio (T-branch wiring, wiring 
with load distributed, long wiring) regarded with precedence, 
so that the noise problem is likely to be generated. 
[ 0008 ] After the initial phase wiring is finished, initial phase 
analysis on noise in actual wiring is carried out following a 
wiring result and an analysis result (waveform output, noise 
value list) is sent to a logic designer, who verifies the 
analysis result. The designer verifies the noise analysis 
result according to criterion value of the design, searches for 
a cause of a problematic signal and considers an appropriate 
countermeasure plan. Although the operator changes the wiring 
following a countermeasure plan sent from design stage, that 
countermeasure plan is not configured taking into account 
actual wiring condition and the like. Therefore, if wiring is 
placed following the actual countermeasure plan, the wiring may 
be different from an intention of the design stage. After this 
wiring change, noise analysis is carried out again for the 
problematic signal and its analysis result is sent to the logic 
designer. The designer checks the result of the re-analysis 
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according to the criterion value of the design. If all check 
items pass, the processing proceeds to production of the 
substrate and if there is found a signal, which is a problem, 
again, the countermeasure plan is considered again. 
[ 0009 ] The above-described steps are the conventional procedure . 
The noise countermeasure work is carried out repeatedly 
depending on the wiring change and trial/error in consideration 
on the countermeasure plan. 

[0010] As a conventional technology relating to the noise 
countermeasure, for example, Japanese Patent Application 
Laid-Open NO.HEI3-67371 , Japanese Patent Application Laid-Open 
No.HEIS-334393 and the like have been already proposed. 
[0011] 

[Problem to be solved by the Invention] As described above, the 
operator and the logic designer work in independent their own 
worlds. For the reason, in the wiring work, the wiring is not 
placed taking into account noise problem and wiring ratio is 
taken with precedence. Likewise, the designer does not pay 
attention to wiring condition and tends to work by taking 
precedence on logic. Because the wiring work and the analysis 
work are separated and consideration on a countermeasure plan 
and wiring change are executed alternately repeatedly, there 
is a problem that the wiring change work is not completed in 
a short time. 

[0012] For example, the initial phase wiring and analysis 
waveform, which are regarded as problems, will be described with 
reference to Fig. 10. If an operator intends to place wiring 
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to the points A, B, C in the shortest route as indicated in Fig. 
10(a), its noise analysis result is a diffraction waveform shown 
in Fig. 10(b), so that reflection noise is generated near "Low" 
threshold. 

[0013] The threshold mentioned here refers to a threshold value 
of voltage when a device determines "Low" or "High" from input 
voltage and when the input voltage rises from 0V and passes over 
the threshold level of "High", it determines "High". If the 
input voltage drops from 5V and passes over the threshold level 
of "Low", it determines "Low". For the reason, a reflection 
generated near the threshold level may likely introduce to 
mis judgment on "Low" or "High", thereby leading to an erroneous 
operation. 

[0014] On the other hand, the logic designer dispatches an 
instruction of adding an AC terminal end simply as a 
countermeasure for reflection without considering the wiring 
condition (see Fig. 10(c)). Following this instruction, the 
operator adds the AC terminal end after the point C with the 
shortest route. A result of the analysis thereof is expressed 
with waveform shown in Fig. 10(d), which indicates that 
reflection is generated again despite the taken countermeasure. 
The reason is why because B, which is a first load, is placed 
near A, reflection from C is returned to B. This problem is 
solved finally by making wiring length from point A to point 
B equal to wiring length from point A to point C, so that the 
reflection disappears as shown in Fig. 10(h). 
[0015] According to such an operation by trail/error, 
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countermeasure plans shown in Figs. 10(c), (e), (g) are 
introduced at the stage of the initial phase wiring of Fig . 10(a) 
and at the same time, noise analysis is carried out. If 
respective noise analysis results are already known, this 
operation is not necessary. 

[0016] An object of the present invention is to provide a noise 
countermeasure design assisting method and apparatus thereof, 
in which by advising an optimum countermeasure plan for a signal, 
which is a problem, and a noise analysis result from the side 
of CAD system and noise analyzing simulator, without notifying 
a designer of that signal, which is a problem at the time of 
noise analysis, after the initial phase substrate wiring design 
is completed, repetitive works by trial/error are eliminated, 
so that even an operator inexperienced in design skill can cope 
with the noise problem. 
[0017] 

[Means for solving the Problem] The above-described object is 
achieved by retrieving a countermeasure plan depending on the 
kind of a signal, which is a problem in the noise analysis result 
carried after the initial phase wiring, wiring condition and 
wiring route, carrying out all noise analyses in that 
countermeasure plan, displaying these noise analysis results 
(reflection, cross-talk, delay) in the form of matrix, and 
selecting an optimum countermeasure from them. 
[0018] 

[Operation] By advising countermeasure plans for the noise 
problem at the initial phase wiring stage and then selecting 
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an optimum countermeasure from those, turn-back operation 
induced by repeating countermeasure plan consideration and 
wiring change can be eliminated and further, time for the 
designer to consume for consideration of the countermeasure 
plan can be reduced. 
[0019] 

[Embodiments] Hereinafter, the embodiment of the present 
invention will be described in detail with reference to the 
accompanying drawings. Fig. 1 is a configuration diagram of 
a noise countermeasure design assisting apparatus according to 
the embodiment of the present invention. An initial wiring 
storage portion 103 stores wiring information of initial phase 
and an initial noise analysis result storage portion 102 stores 
a result (reflection, cross-talk, delay) of noise analysis 
carried out according to the wiring information in the initial 
wiring storage portion 103. A know-how accumulating portion 
106 accumulates a basic noise countermeasure method and 
know-how obtained from a result of analysis carried out up to 
then. A control portion 101 detects a signal in which noise 
exceeds a predetermined value from the initial phase noise 
analysis result, notifies a noise countermeasure determining 
portion 104 thereof and registers it in the know-how 
accumulating portion 106 as a new know-how. 
[0020] The noise countermeasure determining portion 104 
retrieves a countermeasure plan which can be considered from 
wiring information from the initial wiring storage portion 103 
and noise countermeasure know-how from the know-how 



12 




accumulating portion 106 to meet a signal sent from the control 
portion 101. A noise analyzing portion 107 analyzes noise from 
wiring following a countermeasure plan retrieved by the noise 
countermeasure determining portion 104 and memorizes its result. 
A wiring rule generating portion 110 generates wiring rule from 
know-how from the know-how accumulating portion 106 or analysis 
result from the noise-analyzing portion 107. 
[ 0021 ] A noise analysis result-indicating portion 108 indicates 
an analysis result of the noise-analyzing portion 107 on a 
matrix-like screen thereof. Fig. 2 shows a concrete example 
of the representation content of this noise analysis 
result-indicating portion 108. In Fig. 2, the axis of ordinate 
expresses noise countermeasure plans and the axis of abscissa 
expresses a noise analysis result and specif ied value. The noise 
analysis result and specified value on the axis of abscissa 
represents reflection, cross-talk and delay and finally, 
indicates whether or not each of them exceeds its specified value. 
A noise countermeasure plan selecting portion 109 selects an 
optimum countermeasure plan from countermeasure plans 
indicated on the screen and a final wiring determining portion 
111 carries out final wiring following a countermeasure plan 
selected by the noise analysis result indicating portion 108. 
[0022] Fig. 3 is a flow chart showing operating steps of the 
noise analysis design assisting apparatus shown in Fig. 1. 
After initial phase substrate wiring design is completed, noise 
analysis is carried out about that wiring. Whether or not there 
is any noise exceeding a predetermined noise specified value 
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in that analysis result is investigated (step 2 00) and if there 
is not any noise exceeding the predetermined value, immediately 
production of printed wiring board is started. If there is any 
noise exceeding the predetermined value, countermeasure 
operation is started. 

[0023] If noise exceeds its predetermined value, processing 
proceeds to step 201 of determining the kind of noise, in which 
the kind of noise (reflection, cross-talk, delay) is determined 
for a signal in which noise exceeds its specified value. As 
for the method for distinguishing the kind of noise, as shown 
in Fig. 4, noise, which is generated at rise portion or fall 
portion of a signal, is regarded as reflection, while noise, 
which is generated at a stable portion of "Low" or "High", is 
regarded as "cross-talk". 

[ 0024 ] For a signal distinguished depending on the kind of noise 
and the kind of the signal, wiring is changed following an order 
of noise countermeasure know-how so as to determine all possible 
countermeasure plans. Step 202 is a step for taking a 
countermeasure for "reflection". The consideration order for 
the countermeasure is wiring order change, wiring route change 
(concentrated load, equal-length wiring, T-branch wiring), 
terminal, dummy load and load division. Step 203 is a step for 
taking a countermeasure for "cross-talk". The consideration 
order for the countermeasure is enlarging an interval between 
adjacent lines , changing wiring route ( shortening parallel wire 
length), blunting rise and fall of a line which generates the 
cross-talk noise, placing a ground line between, and shifting 
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timing. Step 204 is a step for taking a countermeasure for 
"delay". The consideration order for the countermeasure is 
changing the wiring length (corresponding to timing) , changing 
wiring order, and reviewing timing. By carrying out these 
countermeasure considerations, all noise countermeasure plans 
are introduced. 

[0025] After steps 202, 203, 204, the processing proceeds to 
step 205, in which noise analysis on the introduced 
countermeasure plan is carried out. In next step 2 06, a result 
(reflection, cross-talk, delay) of noise analysis on the 
countermeasure plan, specified value for each noise and a result 
of synthetic determination are displayed on the screen in the 
form of matrix. Then, in step 207, from the result of the noise 
analysis displayed on the screen, an optimum countermeasure 
plan is selected and then, final wiring change is carried out. 
[ 0026 ] An operation of the aforementioned noise analysis design 
assisting apparatus will be described with reference to an 
example of Fig. 10. In this circuit, receivers B, C are 
connected to a driver A and Fig. 10a shows an initial phase wiring. 
The wires are placed in order of A, B, C through the shortest 
route and there is no problem in the wiring. If this is subjected 
to noise analysis, as indicated with noise analysis waveform 
in Fig. 10(b), reflection occurs near Lth (Low threshold), 
thereby leading to an error in operation. As a result, noise 
countermeasure is determined to be necessary and then, the 
processing proceeds to noise countermeasure work. If the 
processing proceeds to the noise countermeasure work, first, 
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the kind of the noise is distinguished* 

[0027 ] In case of this signal, the noise is determined to be 
"reflection" because it occurs at a falling portion- A 
corresponding countermeasure plan is considered according to 
a following countermeasure-taking order in the countermeasure 
know-how about reflection. 

(1) First, the wiring order is changed and the wires are placed 
in the order of A, C, B. However, because the wiring length 
is longer than the initial wiring of Fig. 10(a) and the 
reflection does not disappear, this wiring is not adopted. 
[0028] (2) Next, The wiring route is changed (concentrated 
wiring, equal length wiring) . However, in the concentrated 
wiring, it is impossible to make B and C more closer than the 
initial phase wiring from the component mounting position. 
Also, in the equal length wiring, by placing wires from A to 
B, and the middle of C, and to B and C therefrom, the equal length 
wiring are completed, but it does not employed because a 
reflection still exists from a noise analysis result. 
[0029] (3) Next, a terminal end is added. As shown in Fig. 10®, 
an AC terminal end is added after C As a result, the reflection 
is improved to some extent and therefore, this is adopted as 
a candidate for the countermeasure plan. Although at this time, 
wiring from C to the AC terminal end is carried out in the 
shortest route, cross-talk noise increases because this is a 
parallel line. As its countermeasure plan, a countermeasure 
plan diagram, in which the parallel line length is shortened 
by changing the wiring route from C to the AC terminal end, is 
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adopted as a candidate for the countermeasure plan. 
[003 0] (4) Next, equal length wiring and terminal end addition 
are carried out and as shown in Fig. 10(g) , the AC terminal end 
is added after the equal length wiring. As a result, the 
reflection vanishes completely and then, this is adopted as a 
candidate for the countermeasure plan. 

(5) Finally, load is dispersed and consequently, it is dispersed 
to A, B and A' , B' . Because the reflection does not vanish as 
a result of noise analysis, this is not adopted. In the 
above-described procedure, a candidate for the countermeasure 
plan for a noise problem in the circuit of Fig. 10(a) is 
determined. 

[0031] Likewise, countermeasure plans for cross-talk and delay 
are also considered in the following procedure. 
[Procedure for consideration of the countermeasure plan for 
cross-talk noise] 

(1) Widen an interval between adjacent lines. 

( 2 ) Change wiring route and shorten the length of lines parallel . 

(3) Blunt rise and fall times of line in which the cross-talk 
is generated. 

(4) Place a ground line between lines. 

(5) Shift use timing. 

[003 2] [Procedure for consideration of countermeasure for 
delay] 

(1) Shorten the wiring length to suppress delay. 

(2) Change the wiring order to suppress the delay. 
[0033] The above-described consideration on the noise 
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countermeasure is carried out for all signals, which are 
regarded as noise problem and the countermeasure plan and a 
result of the noise analysis are indicated in the form of matrix. 
As this analysis result, results of analysis about cross-talk 
and delay as well as reflection are indicated and an influence 
thereof to other noise by the countermeasure for the reflection 
is evaluated synthetically. Fig. 5 shows a result of noise 
analysis carried out according to a countermeasure plan 
considered previously as well as initial phase analysis. 
[0034] In the terminal end countermeasure route 1 of Fig. 10, 
O . S ( over-shoot ) drops from 5.2V to 5,1V while U . S ( under-shoot ) 
drops from 1.0V to 0.7V. However, cross-talk rises from 0.3V 
to 0.6V while delay is increased from 2.0ns to 3.0ns and 
cross-talk exceeds its predetermined value. 

[003 5] In the AC terminal end countermeasure route 2, O.S drops 
from 5.2V to 5.1V while cross-talk drops from 0.3V to 0.2V and 
delay is increased from 2 . 0ns to 3 . 5ns . Although U . S drops from 
1.0V to 0.8V, this is the same as the predetermined value, and 
U.S exceeds its predetermined value. 

[003 6] In case of equal length wiring and AC terminal end, O.S, 
cross-talk and delay all drop as well as U.S drops from 0.8V 
to 0 . 0V , all are within their predetermined values . As a result , 
finally, an optimum countermeasure plan for the equal length 
wiring and AC terminal end are adopted from three noise 
countermeasure plans of ECLK, based on a determination of 
designer and wiring is changed following this plan. 
[ 003 7 ] Although in the aforementioned noise countermeasure work 
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noise analysis is carried out at the same time as consideration 
on the countermeasure plan, an adopted countenneasure plan is 
displayed on the screen in Fig. 5, The designer selects one 
of them and carries out noise analysis about only that 
countermeasure plan, and then, determines whether or not that 
countermeasure plan is adopted as a final countermeasure plan 
from a result of the analysis. Consequently, wiring changes 
to be conducted for all adopted countermeasure plans can be 
omitted thereby making it possible to reduce the noise 
countermeasure consideration time. 

[ 0038 ] Although in the aforementioned noise countermeasure work, 
actually wiring is changed according to a countermeasure plan 
and noise analysis is conducted under that actual wiring length, 
wiring length (see Fig. 6) is calculated based on Manhattan 
length between respective devices without conducting wiring 
change and then, noise analysis is carried out. Consequently, 
actual wiring changes to be conducted for all adopted 
countermeasure plans and noise analysis time under actual 
wiring can be omitted, thereby making it possible to reduce noise 
countermeasure consideration time. 

[0039] A noise countermeasure plan is selected from noise 
countermeasure plans displayed in the form of matrix as shown 
in Fig. 7 and its pattern diagram and a waveform of its analysis 
result are displayed at the same time, so that wiring route and 
wiring condition are verified and further, a correlation 
between noise countermeasure plan and noise analysis result can 
be evaluated visually. 
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[0040] When considering noise counter-measure plans, know-hows 
accumulated in the know-how accumulating portion is utilized. 
At this time, a wiring rule (wiring rule) for each device is 
provided by summarizing countermeasure plans obtained from the 
accumulated know-hows and analysis result. At this time, by 
providing an allowable range of wiring in which noise falls, 
it is possible to prevent the same problem from occurring 
repeatedly and provide a person having no knowledge about noise 
with an advice. 

[0041] Before the initial phase wiring is carried out, as shown 
in Fig. 9, whether or not there is a similar wiring in the 
know-how accumulating portion or wiring rule portion is 
retrieved according to the type of a device to be placed, 
position of the device and wiring order. If there is a similar 
wiring, by presenting a previous noise analysis result or a 
wiring result, it is possible to carry out wiring considering 
noise at the stage of the initial phase wiring, so that the noise 
problem after wiring can be eliminated. 
[0042] 

[Effect of the Invention] According to the present invention, 
noise analysis is carried out after the initial phase substrate 
wiring design and if there is any problem in the noise analysis, 
appropriate countermeasure plans are proposed as advice and an 
optimum countermeasure of them is carried out. As a result, 
the wiring is changed and the quantity of repetitive steps for 
taking trial countermeasure against noise can be reduced, 
thereby leading to reduction of noise analysis time. Further, 
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by accumulating know-hows obtained by noise analysis, design 
rule is established and then, by conducting the initial phase 
wiring following this wiring rule, wiring design considering 
the noise can be achieved. 
[Brief Description of the Drawings] 

[Fig, 1] Fig. 1 is a block structure diagram of a noise 
countermeasure design assisting apparatus according to an 
embodiment of the present invention. 

[Fig. 2] Fig. 2 is a diagram showing a noise analysis result 
of the countermeasure plan of the embodiment shown in Fig. 1, 
in the form of matrix. 

[Fig. 3] Fig. 3 is a flow chart showing an operating procedure 
of the embodiment shown in Fig. 1. 

[Fig. 4] Fig. 4 is a diagram for explaining a method for 
distinguishing noises (reflection, cross-talk). 
[Fig. 5] Fig. 5 is a diagram for explaining a noise analysis 
method for specifying a countermeasure plan of the embodiment 
shown in Fig. 1. 

[Fig. 6] Fig. 6 is a diagram for explaining Manhattan length 
of the embodiment shown in Fig. 1. 

[Fig. 7] Fig. 7 is a diagram for explaining a method for 
displaying a pattern, analysis result and analysis waveform for 
specifying a countermeasure plan of the embodiment shown in Fig. 
1. 

[Fig. 8] Fig. 8 is a diagram for explaining the content of wiring 
rule in the embodiment shown in Fig. 1. 

[Fig. 9] Fig. 9 is a diagram for explaining a method for 
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displaying a noise analysis result of a similar wiring before 
initial phase wiring and wiring result in the embodiment shown 
in Fig. 1. 

[Fig. 10] Fig, 10 is a diagram showing an example of the initial 
phase wiring and noise analysis result. 

[Fig. 11] Fig. 11 is a flow chart showing a conventional 
processing procedure for noise analysis. 
[Description of Reference Numerals] 

101: control portion, 102: initial noise analysis result 
storage portion, 103: initial wiring storage portion, 104: 
noise countermeasure determining portion, 106: know-how 
accumulating portion, 107: noise analyzing portion, 108: noise 
analysis result indicating portion, 109: noise countermeasure 
plan selecting portion, 110: wiring rule generating portion, 
111: final wiring determining portion 
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FIG.l 

101: CONTROL PORTION 

102: INITIAL NOISE ANALYSIS RESULT STORAGE PORTION 

103: INITIAL WIRING STORAGE PORTION 

104: NOISE COUNTERMEASURE DETERMINING PORTION 

10 6: KNOW-HOW ACCUMULATING PORTION 

107: NOISE ANALYZING PORTION 

108: NOISE ANALYSIS RESULT INDICATING PORTION 
109: NOISE COUNTERMEASURE PLAN SELECTING PORTION 
110: WIRING RULE GENERATING PORTION 
111: FINAL WIRING DETERMINING PORTION 

FIG. 4 

CROSS-TALK 

REFLECTION 

FIG. 6 

MANHATTAN LENGTH BETWEEN A AND B 
FIG. 3 

INITIAL PHASE SUBSTRATE WIRING DESIGN 
NOISE IS WITHIN A SPECIFIED VALUE? 
PRODUCTION OF PRINTED WIRING BOARD 
201/ KIND OF NOISE 

202/ CONSIDERATION ON NOISE COUNTERMEASURE PLAN 

* CHANGE WIRING ORDER 

* CHANGE WIRING ROUTE (CONCENTRATED LOAD, EQUAL LENGTH WIRING, 
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T-BRANCHED WIRING 

* ADDITION OF TERMINAL END 

* ADDITION OF DUMMY LOAD 

* LOAD DISPERSION 

2 03/ CONSIDERATION ON NOISE COUNTERMEASURE PLAN 

* WIDEN AN INTERVAL BETWEEN ADJACENT LINES 

* CHANGE WIRING ROUTE (SHORTEN THE LENGTH OF PARALLEL WIRING) 

* BLUNT RISE TIME AND FALL TIME OF LINE WHICH GENERATES 
CROSS-TALK 

* PLACE A GROUND LINE BETWEEN 

* SHIFT TIMING 

2 04/ CONSIDERATION ON NOISE COUNTERMEASURE PLAN 

* CHANGE WIRING LENGTH 

* CHANGE WIRING ORDER 

* REVIEW TIMING 
205/ NOISE ANALYSIS 

206/ DISPLAY OF NOISE ANALYSIS RESULT 
207/ DETERMINE FINAL WIRING 
REFLECTION 
DELAY 

FIG. 8 

WIRING RULE 1 
ALLOWABLE RANGE 
WIRING RULE 2 
ALLOWABLE RANGE 
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FIG. 9 

PRIOR TO INITIAL PHASE WIRING 

SIMILAR WIRING (KNOW-HOW ACCUMULATING PORTION) 

REFLECTION ANALYSIS VALUE 

SPECIFIED VALUE 

CROSS -TALK ANALYZED VALUE 

SPECIFIED VALUE 

DELAY ANALYZED VALUE 

SPECIFIED VALUE 

FIG. 10 

INITIAL PHASE ANALYSIS 

AC TERMINAL END ROUTE 1 
ADDITION OF AC TERMINAL END 

AC TERMINAL END ROUTE 2 
ADDITION OF AC TERMINAL END 

EQUAL LENGTH WIRING + AC TERMINAL END 
EQUAL LENGTH WIRING 

FIG. 11 

INITIAL PHASE SUBSTRATE WIRING DESIGN 
NOISE INITIAL PHASE ANALYSIS 
EVALUATION OF ANALYSIS RESULT 
NOISE IS BELOW A SPECIFIED VALUE? 



25 




PRODUCTION OF PRINTED WIRING BOARD 
CONSIDERATION ON NOISE COUNTERMEASURE PLAN 
CHANGING WIRING 
RE-ANALYSIS OF NOISE 
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